Abstract. LM5117 is a chip which can wide input range synchronous Buck controller. It is qualified for automotive applications. According to the technical requirements of the converter to design, the chip LM5117 is used for this design. The principle of working, the determination of the important parameters and finally the schematic circuit diagram are clearly described. The physical model of the converter is realized. The testing results show that this converter has the advantages of high efficiency, low ripple voltage and good steady-state.
Introduction
Automotive electronics is considered to be a revolution in the development of automotive technology. A lot of automobile manufacturers try their best to increase the number of automotive electronics. Automotive electronics has been an important means to seize the future of the automotive market. As to electronic devices, the power plays a key role [1] . Due to the need to have a variety of voltage power supply, DC/DC converters are indispensable.
Design Requirements of the Power
In automotive electronics applications, a buck DC converter is needed to design. Design requirements are as follows: The input rated voltage is 16V ( V U IN 16 = ). The output rated DC voltage is 5V (
The main technical indexes are as followed.
1. Under the rated input voltage, the deviation of output voltage is less than 100mV.
2. Under the rated input voltage, the maximum output current is more than 3A. ‫ܫ‬ O ≥ 3A .
3. The peak value of the output ripple voltage is less than 50mV.
. 4. With the change of the value of Io, from the full load I omax to light load 0.2I omax , the rate of load regulation is less than 5%.
5. With the change of the value of U IN , from 17.6V to 13.6V, the rate of voltage regulation is less than 0.5%.
6. The efficiency of converter is more than 85%.
Try your best to minimize the weight of the power. The weight must be less than 0.2kg. Based on the comprehensive comparison and consideration, we choose the chip ML5117 as the key component. The LM5117 is a synchronous buck controller intended for step-down regulator applications from a high voltage or widely varying input supply [2] . The control method is based on the current mode control. It has a wide frequency range. The operating frequency is programmable from 50 kHz to 750 kHz. It drives external high-side and low-side NMOS power switches with adaptive dead-time control. LM5117 has a wide operating voltage range from 5.5V to 65V. The output current can be up to 12A. The user can choose the diode simulation mode to realize the discontinuous mode operation. According to its characteristics, LM5117 can meet the design requirements.
Hardware Circuit Design

Principle of Work
The typical Buck schematic diagram is shown by Fig.1 . When the V2 is in the turn-on state, the power U2 supplies the energy to the load R L2 . U1=U2 and the load current Io is increased exponentially. When the V2 is in a turn-off state, the current flows through the diode VD1 and approximately U1=0. And the load current is decreased exponentially.
U1=U2D
(1)
The average output voltage of Buck converter U1 is the product of duty cycle D and input voltage U2 (refer with: equ.1) [3] .
The LM5117 is a wide input range synchronous buck controller. It has almost all the necessary functions to achieve with high efficiency. It contains high current NMOS drivers and an associated high-side level shifter the external high-side NMOS device. The regulator control method is based upon peak current mode control utilizing an emulated current ramp. Peak current mode control provides inherent line feed-forward, cycle-by-cycle current limiting and ease of loop compensation. The RT pin allows the switching frequency to be programmed by a single resistor (Fig.2: R8) . Fault protection features include cycle-by-cycle and hiccup mode current limiting, thermal shutdown and remote shutdown capability by pulling down UVLO pin. The UVLO input enable the regulator when the input voltage reaches a user selected threshold and provides a very low quiescent shutdown current when pulled low. An analog telemetry feature provides averaged output current information, allowing various applications that need either a current monitor or current control [2] . According to the technical requirements, the schematic diagram is shown by Fig. 2 .
Determination of Important Parameters
determine the timing resistor RT
Generally speaking, the application of higher frequency, smaller volume, but the loss is higher. We selected 230 kHz as a reasonable compromise between small size and high efficiency. The resistor R8 (Fig.2) can be calculated from the following equation: We selected the standard value of 22.1k. 
Output Inductance L1
The maximum inductance ripple current occurs at the maximum input voltage. Typically, 40% to 40% of the full load current is a good compromise between the magnetic core loss and the copper loss of the inductor. Here a ripple current of 40% of 3A was chosen. Known switching frequency, maximum ripple current, maximum input voltage and nominal output voltage, the inductor value can be calculated as follows:
Select the closest to the standard value of 39uH.
Power Switch Tube Q H and Q L
The choice of the power NMOS device is the same as that of the switching frequency [4] . Breaking down the losses in the high-side and low-side NMOS devices is one way to compare the relative efficiencies of different devices. Finally, after the actual debugging of the modification and adjustment, CS12N26 is used in this design.
Results and Analysis
According to Fig. 2, we completed This value is more than 85% and can meet the technical requirement 6. 7. In order to minimize the weight of the power, the thickness of PCB board is 0.8mm. The weight of the converter is 120mg. It is less than 0.2kg and can meet the technical requirement 7.
Summary
Using the LM5117 as a key component, the main circuit parameters are determined, and the circuit diagram is designed. The product is finished and the test results show that this product meets the design requirements.
